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1. Introduction and motivation




Many roles of Massive Stars in Astrophysics

Cosmic Dark Ages

Ho we
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Cosmic Time



Many roles of Massive Stars in Astrophysics

Ho we
get here?

4 Next Generatlons _
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What we tell our students ...
(the classic models that are widely used in astrophysics)
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Hertzsprung-Russell diagram
... one century later ...
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How well do the classic widely used models do?

Schaller et al.

6.0  theoretical 1
[ main sequence ]

:

S

Log Luminsoity (Lsun)
»
> ;

3.5 ? ]

4.6 4.4 4.2 4.0

Log Effective Temperature (K)

= .‘ ' ,'ﬁ /“m‘
~ S.E. dé'Mink




insoity (Lsun)

Log Lum

Data: VLT-FLAMES Survey of Mass:ve Stars (E vans et aI 2006)
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Data: Stars in the Large Magellanic Cloud ( Fitzpatrick & Garmany, 1990)
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2. The complicated lives
of massive stars




a Nebula) : the Massive;Star “Deepifield”

~ 30 Dor (Tarantul




v

.'.-30 Dor (Tarantula Nebula):th'e \E

e . L, e B
: . = Q ' b,

sivejStar.“DeepjField”

)"

!
2

; s .
'_ AR ' Stars > 200 solar masses? Crowther+00, +prep ". o
\ 4 ; Are they mergers? Schneider+15 *
| Extension of model grids e.g. Koehler+15
¥
A Stars with masses well above the :
Rer, canonical upper mass limit e
'T: "-l!." ; “ " ‘ ; % : wvv'w-—-—v"‘- ~ ’ »» ;L ,. 3 AN o " » ¥ o5
.-_.. s-‘l
e %

13



- 30 Dor

(Tarantula Nebula) : the MMassi ’s"taf_.ff cepjField”
SRS v* g gwe . WRE S b o

]

-

; X
..' - -} : —N '_'{)’r ',7/';,,
..' St 7.4
x
'_ A ok h = Majority in very close Binaries. 7
£, g . R ~7 out of 10 will interact R
o3 4 ' ' Sana+12+13, Dunstall+15 IR A
£ e - T T A "'"T* — '
¢ ¥| New records T e W o i . B gL
] * Most massive over contact system Almeida+15 [ SR & D EE T L iR g SR . o
* First X-ray binary in 30 Dor, Clark+15 & = AR e i i
* Most massive binary w/ O giants: Taylor+11 o A K
< REIRRT 1, Ty : o s S -
. . > o . . 3 ; .
-.,.- 5
- 5 : . --.' ~



. "_30 Dor (Tarantula Nebula) : the IVic
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3. Rotation, sometimes extreme ?
: Dufton+12, 13, Ramirez-Agudelo+13, 15
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4. Many many Runaway Stars
: .; Evans+10,15, Sana+prep :
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80 Msun runaway star
Evans et al. (2010)
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Raising many new questions ...
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2.l Example
Finding the most massive stars




R136: ionizing star cluster

ar- Formlng Reglon 30 Doradus HST WFCS/UVIS

Weigelt & Baier (1985) g R . AR

Il

R 136 at IMRGE

De Marchl et a,l (2011)
e A c ‘ ¥ | S «'\ >

NASA ESA, F. Paresce (INAF -IASF, Italy) and the WFC3 Science Oversight Committee STScl-PRC09- 32a

Slide w/ courtesy of Paul Crowther



The 4 “super stars” in R136

Crowther et al. 2010

Name al a2 a3 C
BAT99 108 109 106 112
Minic M) 320% )¢ 240732 16573 2202
Meyrrent M@)” 2653 195732 13575 175% 37

Separated by
~0.1 arcsec (about 5000 AU)

Based on HST UV/Optical Spectra (Ebbets, Heap, Massey) and near IR VLT spectra (Schnurr)
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Can we do better ...dissecting R136 w/ Hubble

HST/STIS
39 HST orbits, 17 slits, 0.2”” width
(PI: Crowther)

Crowther, Caballero-Nieves et al. in prep.

HST/FGS:
(PI: de Mink/Caballero-Nieves)

Caballero-Nieves, Nelan, de Mink et al. in prep.




... Yes, they are still extremely massive ...

w/ courtesy of P. Crowther
& S. Caballero-Nieves
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... Yes, they are still extremely massive ...

w/ courtesy of P. Crowther
7 stars & S. Caballero-Nieves

>~ 100 Msun —

-l

Implications: 100 + M, stars and disproportionally contribute to ionizing
radiation and strong spectral features (He Il 1640 emission)
* Omitting these leads to (e.g. Starburst99, BPASS)

» Under estimating ionizing fluxes

» Over estimating the age

» Over estimating the metallicity

(e

an

Questions for ATLAST/HDST/LUVOIR ....
* Is there a (Universal) Upper mass limit?

«{ * Resolving 100 pc everywhere in the Universe? > What features do we see in
i‘ the integrated (UV) spectra of “resolved” starbursts




2.1l Example
The impact of extreme
rotation rates




Predictions for very rapid rotators H rich
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Predictions for very rapid rotators

Log [ Luminosity (L) ]

ES circulation Shear mixing

rott, SdM et al. (2011)

__ Repidrotators |Slow rotaors Expand

20 0

Effective Temperature (kK)

Maeder & Meyet 2000,

Heger et al 20 006,Hirschi 2007, Ekstroem et al 2012, Georgy et al. 2014, Kohler et al. 2015
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Predictions for very rapid rotators | H rich

Log [ Luminosity (L) ]

“Chemically
Homogeneous
5 Evolution”
45 L
0 km/s
~ 550 km/s Brott, SdM et al. (2011)

Very rapid rotators ﬂ‘
4 . I

40 20 0
Maeder89, Yoon+05/06 .
v et 2000, Effective Temperature (kK)

Heger et al 2000, Yoon et al 2006, Hirschi 2007, Ekstroem et al 2012, Georgy et al. 2014, Kohler et al. 2015
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Stronger effects at low metall:c:ty (m the early Universe)

6.5 ' ' - Brott, SdM et al. 2011, Yoon+2006
6 [ meessssssIIIIIIIIIIIICC -
___ ssf e 1 Z=0.004
7 s $ | (Small Magellanic Cloud)
= asf i
()
o 4\l i
3.5+ _

Z=0.008
(Large Magellanic Cloud)

Reionization?

Z=0.012

Gamma-ray bursts? | (Solar Neighborhood)

(Yoon+Langer05, Woosley+Heger0

ATLAST/HDST/LUVOIR ....
* Allow to test lower metallicities: e.g. the irregular galaxy | Zw 18 (~20 Mpc)

Getting closer to the very first stars
e Imprints on the UV of more distant starbursts




2.1l Example
Massive Stars do not live alone




Sana, de Mink et al., Science 2012

7 out of 10 massive stars severely
interact before they die
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Sana, de Mink et al., Science 2012

T 3
effectively T
single 2
e
envelepe
stripping

Questions for ATLAST/HDST/LUVOIR ....

* Is the binary fraction universal (e.g. in dense regions, low 2)

* Probing extreme low mass companions. (Like finding a planet)
* Imprints of binary products in UV spectra of distant populations
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Questions in the context of
a future UVOIR space telescope
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HDST: Breaking Resolution Barriers
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HDST: Breaking Resolution Barriers
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Raising many new questions ...

1. Is there a Universal upper
stellar mass limit?

2. High binary fraction
Universal?

:' ;Q,
How did we
get here?

Generations =
of Massive Stars #-

3. What are the origin and
consequences of rotations?

4. Runaway stars.

Cosmic Time

Lower metallicity
environments
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